Background: We retrospectively analysed the prognostic significance of a tumor marker index (TMI) based on preoperative serum carcinoembryonic antigen (CEA) and Krebs von den Lungen-6 (KL-6) levels in nonsmall cell lung cancer (NSCLC) patients. Materials and Methods: We enrolled 176 NSCLC patients who had preoperative serum CEA and KL-6 level measurements and had undergone curative surgery between 2009 and 2011. Results: The 5-year disease-specific survival of patients with high serum CEA levels was significantly poorer compared with that of patients with normal levels. The value for patients with high serum KL-6 levels was also poor. Patients with both normal serum CEA and KL-6 levels had a favourable prognosis, whereas those with both high serum CEA and KL-6 levels had a poor outcome. The5-year disease-specific survival rate was 82.9% for patients in the low TMI group compared to 47.5% in the high TMI group (p<0.01). Both univariate and multivariate analyses revealed prognostic significance for TMI. Conclusions: TMI based on preoperative serum CEA and KL-6 levels might be useful for the prediction of the prognosis of NSCLC patients.
Introduction
Carcinoembryonic antigen (CEA) is the most widely used tumor marker in patients with non-small cell lung cancer (NSCLC) (Aarons et al., 2007) . Several studies have suggested that the preoperative serum CEA level may be an independent prognostic factor for NSCLC (1-4).
K r e b s v o n d e n L u n g e n -6 ( K L -6 ) i s a high-molecularweight glycoprotein classified in the 'Cluster 9 (MUC1)' of lung tumor and differentiation antigens based on immunohistochemical and flow cytometry studies Ishizaka et al., 2008) . Although KL-6 may also serve as a sensitive serum marker for interstitial lung disease (Kawasaki et al., 2009) , recent studies have suggested that it can be used as a useful tumor marker to predict the survival of NSCLC patients who have undergone curative surgery (Kohno et al., 1994; Muley et al., 2004; Kohno et al., 2009; Lee et al., 2011) . The prognostic significances of these tumor markers might be more accurate and useful if used in combination rather than individually; however, their evaluation is often difficult when used in combination. Previously, Muley et al. introduced an algorithm using the serum CYFRA 21-1 and CEA levels (Nagai et al., 2006; Muley et al., 2008) . A variable called the tumor marker index (TMI) corresponding to the geometric mean of normalised CYFRA21-1 and CEA levels (marker value divided by the diagnostic cut-off) was introduced. TMI can evaluate not only the degree of marker elevation but also the combined use of two markers. Previous reports, including our study, have shown the prognostic significance of TMI based on CYFRA 21-1 and CEA (Okada et al., 2004; Nagai et al., 2006; Muley et al., 2008) .
Therefore, in the present study, we have examined the prognostic significance of TMI based on preoperative serum CEA and KL-6 levels in NSCLC patients.
Materials and Methods
This retrospective study received institutional review board approval (O-0031), and the need to obtain patient consent was waived. We enrolled 230 consecutive NSCLC patients who underwent surgery from 2009 to 2011 in our hospital into the present retrospective study. The following patients were excluded: five patients who did not achieve complete resection after either a lobectomy or pneumonectomy together with regional lymph nodes dissection, and 49 patients who did not have preoperative serum KL-6 level measurements. A total of 176 consecutive resected NSCLC patients were enrolled into the present retrospective study. The clinicopathological factors of the patients were shown in Table 1 . The cut-off values of the serum CEA and KL-6 levels were 5 ng/mL and 500 U/mL, respectively. The time interval between the preoperative serum CEA and KL-6 examinations and the surgical resections was less than two weeks in all patients. TMI (11,12) was defined by taking the geometric mean of the normalised values for the serum CEA and KL-6 levels, where normalisation was performed by dividing the individual marker values by the corresponding diagnostic cut-off point, i.e. 5.0 ng/mL for serum CEA and 500 U/ mL for serum KL-6: √((serum CEA level/5.0 ng/mL) × (serum KL-6 level/500 U/mL)). The receiver operating characteristics (ROC) curve of TMI was analysed, and cancer death was predicted by comparing the area under the curve. As shown in Figure 1 , we decided that the best cut-off value for TMI was 0.625 (sensitivity: 67.86%; specificity: 60.48%; and area under the receiver operating characteristics curve: 0.71). Sixty-three patients (35.8%) had TMI greater than 0.625 (the high TMI group); the remaining 113 patients (64.2%) had a lower TMI (the low TMI group).
The pathological (p) tumor-node-metastasis (TNM) staging was recorded in all patients based on the seventh edition of the American Joint Committee on Cancer (AJCC)/Union for International Cancer Control (UICC) classification. The follow-up information, including cause of death, was ascertained through a review of clinic notes and direct or family contact. The TMI value was compared based on the clinicopathological factors of patients using the Students' t-test. The disease-specific survival curves of the patients were plotted by using the Kaplan-Meier method and analysed using the log-rank test. The Cox regression hazard model was used for the univariate and multivariate analyses to assess the prognostic value of TMI. The statistical calculations were conducted with JMP 12.2.0 (SAS Institute Inc., Cary, NC, USA), and p-values of less than 0.05 were accepted as being significant.
Results
The relationship between the TMI value and the clinicopathological factors is shown in Table 2 . None of these factors including, age, gender, smoking status, histology, pStage, pT status and pN status were not related to the TMI value.
The 5-year disease-specific survival of patients with high serum CEA levels was worse than that of patients with normal serum CEA levels (43.4% vs. 80.2%, p < 0.01). Similarly, patients with high serum KL-6 levels also had worse survival rates (33.3% vs. 74.0%, p < 0.01). A comparison of the survival curves based on the combined use of the serum CEA and KL-6 levels is shown in Figure  2 . Patients with both normal serum CEA and KL-6 levels had a favourable prognosis, whereas those with both high serum CEA and KL-6 levels had a poor prognosis. Table 4 . The histology (adenocarcinoma vs. others), pN status (pN0 vs. pN1-2) and TMI (low vs. high) were related to the patient prognosis.
Discussion
In the present study, we demonstrated that TMI based on the serum CEA and KL-6 levels was an independent prognostic factor in NSCLC patients who underwent curative surgery.
Although the function of CEA has not been fully understood, several previous studies have revealed that CEA stimulates monocytes and macrophages to release pro-inflammatory cytokines (Ruibal Morell et al., 1992) and eventually induces adhesion molecules on vascular endothelial cells (Sato et al., 2004) . The reason why serum KL-6 levels can serve as a prognostic biomarker in NSCLC patients has also not been clarified in detail. KL-6 is classified as a MUC1 mucin (Ishizaka et al., 2008; Ishikawa et al., 2012) ; Xu et al. performed a meta-analysis and concluded that MUC1 detection had a prognostic value in patients with cancers of epithelial origin, especially in NSCLC and gastrointestinal cancers (Sawabata et al., 2002) . Furthermore, the MUC1 expression pattern has been correlated with tumor differentiation and postoperative survival in NSCLC (Shoji et al., 2016) . Therefore, these results might be some of the reasons for the prognostic significances of serum CEA and KL-6 levels. On the other hand, high serum tumor markers are not always due to the malignant potential of the tumor. Serum CEA levels increase with age and are elevated in many non-neoplastic conditions including smoking, inflammatory bowel disease, chronic hepatitis, carotid atherosclerosis and metabolic syndrome (Stevens and Mackay, 1973; Stahel et al., 1994; Tomita et al., 2004; Tomita et al., 2010; Tanaka et al., 2012) . In addition to being a tumor marker (Kohno et al., 1994; Muley et al., 2004; Lee et al., 2011) , KL-6 also serves as a sensitive serum marker for interstitial lung disease (Kawasaki et al., 2009) . Furthermore, serum KL-6 levels have been also reported to be elevated in non-neoplastic conditions (Witherspoon et al., 1983; Xu et al., 2015) . Therefore, there is a possibility that some patient groups have high serum CEA and/or KL-6 levels that are primarily attributable to non-neoplastic factors. To evaluate these markers more accurately, the combined use of serum CEA and KL-6 levels may prove a useful prognostic determinant. From this point of view, in the present study, we selected the TMI which could collectively evaluate two markers. In general,
The disease-specific survival rate of patients with either a high serum CEA level or a high serum KL-6 level was an intermediate value compared to the survival rate of other patients. As described above, we decided that the best cut-off value for TMI was 0.625. The postoperative diseasespecific 5-year survival rates in the low TMI group and the high TMI group was 82.9% and 47.5%, respectively (Figure 3) . This difference was significant (p < 0.01).
The results of the univariate analysis are summarised in Table 3 . The gender, smoking status (never vs. former/ current), histology (adenocarcinoma vs. others), pT status (pT1 vs. pT2-3), pN status (pN0 vs. pN1-2) and TMI (low vs. high) were related to the patient prognosis. The results of the multivariate analysis including all variables which had a p-value of <0.05 on univariate analysis are also the cut-off value of the tumor marker was established based on the levels found in healthy individuals. Tumor markers were assessed as either elevated or within normal cut-off values. However for example, we cannot expect that the prognosis of a NSCLC patient with a serum CEA level of 10 ng/mL and one with a CEA level of 1,000 ng/mL would be similar. Because TMI was defined by taking the marker value divided by the diagnostic cut-off value, TMI can evaluate not only the combined use of two markers but also the degree of marker elevation. The optimal cut-off level for TMI was established by using ROC curves, and the selected cut-off value was 0.604. The survival rate of the patients in the higher TMI group was significantly worse than those patients in the low TMI group. Furthermore, the Cox proportional hazard regression analysis demonstrated that TMI was an independent prognostic factor in NSCLC patients who underwent curative surgery. The measurement of serum CEA and KL-6 levels is an inexpensive and routinely available method. Despite the current advanced diagnostic procedures for preoperative staging, the present results presented a role for the use of a TMI based on the serum CEA and KL-6 levels as an adjunct to conventional staging for NSCLC patients. On the basis of our results, it can be theorised that adjuvant chemotherapies may be useful for patients with a high TMI. Unfortunately, there is no evidence that adjuvant therapy would be useful in these patients, but this may be a question for future studies. In our series, there were no patients who received induction therapies, and only 18 patients had received postoperative adjuvant chemotherapy. These 18 patients had either pN1 or pN2 disease. The 5-year disease-specific survival of patients who had received adjuvant therapy was significantly worse (38.9% vs. 74.1%, p < 0.01, data not shown). This result has been confusing. We believe that the reason for this finding was not the adverse effects from chemotherapy but the prognostic significance of the pN status. However, there is a possibility that the subgroup of patients with a high TMI could represent a reasonable study population for an adjuvant therapy trial. In conclusion, a TMI based on the serum CEA and KL-6 levels was a prognostic factor for resected NSCLC patients who underwent surgery.
